Ethanol is an important industrial chemical with emerging potential as a biofuel to
INTRODUCTION
Due to the diminishing fossil fuel reserves, there is a strong need for alternative energy sources. In the past decades, biofuels have been considered as an alternative fuel for the future. Ethanol, environmentally friendly and renewable energy source produced through fermentation of sugars, has become one of the most promising biofuels. Efficient ethanol production requires a rapid fermentation leading to high ethanol concentrations. Fermentation of media with high initial sugar concentration has been suggested as an effective way for increasing the ethanol yield (1) . However, in the media with high sugar and ethanol content, yeast growth and metabolic activities are significantly inhibited. The inhibition can be caused by osmotic stress, and by the product and substrate concentrations (2) . In order to decrease these problems, cells immobilization has been used. Entrapment in calcium alginate gel is one of the most commonly used techniques for the cells immobilization because of the simple immobilization procedure, the high cell density in the gel and the non-toxic carrier (3, 4) . Comparing with the suspended yeast, the advantages of using calcium alginate entrapped yeast cells in alcoholic fermentation are the greater specific rate of ethanol production by 40-50%, and twice as fast glucose consumption (5) .
The optimization of fermentation conditions, particularly nutritional and environmenttal parameters, which greatly influence the product yield and economics of the process, are very important to improve ethanol production (6) . Also, for alcoholic fermentation with immobilized yeast cells it is very important to define the optimal concentration of cells carrier to avoid the carrier degradation due to the separation of carbon dioxide and mass transfer limitation caused by low porosity of the carrier.
Response surface methodology (RSM) is a statistical technique for the modelling and optimization of multiple variables, to determine the optimum process conditions by combining experimental designs with interpolation by first-or second-order polynomial equations in a sequential testing procedure (7) . This statistical technique provides useful information for scale-up of any bioprocess and also to develop and improve the usage of semicontinuous or continuous production process. RSM has already been successfully applied for the optimization of ethanol production with immobilized cells of Saccharomyces cerevisiae (8, 9) .
The aim of this study was the optimization of sodium alginate concentration and glucose and yeast extract content in media for ethanol production with immobilized cells of Saccharomyces cerevisiae.
EXPERIMENTAL

Producing microorganism and cells immobilization
Fresh baker's yeast (Alltech, Senta, Serbia) was used as producing microorganism throughout this research. Yeast was suspended in sterilized 0.9% (w/v) NaCl to form basic cells suspension which was used for the cells immobilization.
The cells-alginate mixture was formed by mixing of sodium alginate solutions (20, 40 and 60 g/L concentration) with basic cells suspension in a 1:4 volume ratio. Previously, sodium alginate solutions were sterilized in autoclave at 121 o C and pressure of 2.1 bar for 20 min and stored overnight at 20 o C. The cells-alginate mixture was then cast into beads by dropping from peristaltic pump with a tube of 3 mm in diameter into the sterile 20 g/L CaCl 2 solution which was stirred continuously (magnetic stirrer, 150 rpm) at room temperature. The beads were hardened by keeping in a CaCl 2 solution for 20 min with gentle agitation. Finally, these beads were washed with sterile distilled water to remove excess Ca 2+ ions and unentrapped cells before being used for the fermentation process. The average diameter of the beads was approximately 3.0 mm.
Fermentation media
According to the defined aim of the study and the applied experimental design, in media for ethanol production, content of glucose 
Fermentation conditions
The experiments were carried out in 300 mL Erlenmeyer flasks containing 100 mL of fermentation medium of the appropriate composition. The inoculation was performed in sterile conditions by adding immobilized biocatalysts so that the medium contains a yeast cells number that guarantees a stable fermentation (10 8 cfu/mL). The fermentations were carried out in batch mode under anaerobic conditions for 48 h at the temperature of 30 o C and agitation rate of 150 rpm.
Analytical methods
At the end of the process, the samples of fermented media were analyzed. Number of yeast cells "eluted" from the alginate beads was determined with Neubauer Haemocytometer under 400x magnification using an optical microscope (Wild M20, Heerbrugg, Switzerland).
Residual glucose content was determined by high-performance liquid chromatography. The samples of fermented media were centrifuged at 4000 rpm for 15 min, filtered through a 0.45 μm nylon membrane (Agilent Technologies Inc, Germany), and then analyzed. The HPLC instrument (Thermo Scientific Dionex UltiMate 3000 series) was equipped with a pump HPG-3200SD/RS, autosampler WPS-3000(T)SL (10 μL injection loop), column ZORBAX NH 2 (250 mm x 4.6 mm, 5 μm) and detector RefractoMax520. Acetonitrile 75% (v/v) was used as eluent at a flow rate of 1.2 mL/min and elution time of 20 min at column temperature of 25 o C. Ethanol was determined directly from the samples of fermented media by gas chromatography. The GC instrument (HP 5890 Series II GC, Agilent Technologies Inc, USA) was equipped with a stainless steel Carbowax 20 M column and flame ionization detector. The column temperature was 85 o C and the carrier gas was helium. The injector and detector temperatures were maintained at 150 o C.
Experimental design and optimization by RSM
The Box-Behnken design with three factors at three levels and three repetitions in the central point and response surface methodology (RSM) were used to optimize ethanol production by immobilized cells of Saccharomyces cerevisiae. According to this experimental design, 15 experiments were conducted. Glucose content, X 1 (g/L), yeast extract content, X 2 (g/L) and concentration of sodium alginate, X 3 (g/L) were used as the independent variables (factors), and ethanol concentration, Y 1 (% v/v), number of yeast cells "eluted" from alginate beads, Y 2 (10 6 cfu/mL) and residual content of glucose, Y 3 (g/L) were chosen for the dependent variable (responses). The three levels of each independent variable were coded as -1, 0, and +1, which corresponded to the lower, middle, and higher values, respectively. The experimental design is given in The relations between the independent variables and the responses were calculated by the second-order polynomial equation:
where Y i is the selected response; b 0 is the intercept, and b i , b ii and b ij are the linear, quadratic and interaction regression coefficient, respectively, while X i and X j are the varied factors. Statistical analyses of the experimental results were performed using Statistica software v. 12.0. The method of desirability function was applied for the determination of optimal values of examined factors (Design-Expert 8.1).
RESULTS AND DISCUSSION
Among biofuels, ethanol has experienced unseen levels of attention. Therefore, improvement in its production technology is of huge economic importance. Techniques for rapid fermentation that leads to higher ethanol concentrations in fermented media are desirable (10) . The combination of yeast cells immobilization and optimization of media for alcoholic fermentation has been suggested as good solution to increase ethanol yield (8) . In this study, optimization of sodium alginate concentration and glucose and yeast extract content in the fermentation medium was carried out using response surface methodology and Box-Behnken experimental design.
Data analysis
Based on the results of experiments formulated by the Box-Behnken design and regression analysis, quadratic polynomial equations were established to identify the relation between the selected responses (Y 1 -ethanol concentration, Y 2 -number of yeast cells "eluted" from alginate beads and Y 3 -residual content of glucose) and examined factors (X 1 -glucose content, X 2 -yeast extract content and X 3 -concentration of sodium alginate). The results of the statistical analyses, i.e. coefficients of regression equations, their significance and coefficient of determination (R 2 ) for selected responses are given in Table 2 .
A positive sign for the values of the regression equations coefficients of interaction indicates a synergistic effect, while a negative sign represents an antagonistic effect of the factors on the selected response. The significance of each coefficient was determined by the p-value. The coefficients of regression equations, at a confidence level of 95%, are significant if their p-values are less than 0.05. These coefficients are bolded in Table 2 .
The fitting of the experimental data to the regression model was checked and suitably explained by the coefficient of determination (R 2 ). The R 2 values closer to 1 suggest the better correlation between the observed and predicted values. The high values of the determination coefficient obtained for all responses (Table 2 ) indicate good fit of the experimental data to Equation [1] . These values suggest that only 1.8% of the total variations for the ethanol concentration and residual glucose content and 3.8% of the total variations for "eluted" yeast cells number could not be explained by the obtained model. The most significant response in the alcoholic fermentation is the ethanol concentration in the fermented medium. In order to understand the interactions of the examined factors and determine their optimum values to achieve the maximum ethanol concentration, three-dimensional response surface plots, which are the graphical representations of the regression equation, were generated. These plots are presented in Figures 1-3 . Each figure represents the effects of two factors on the selected response, whereas the third variable was maintained at the central value from the experimental design. The effects of the initial content of glucose and yeast extract on ethanol concentration in fermented media at a constant sodium alginate concentration (40 g/L) are presented in Figure 1 . From this response surface plot it is evident that, in the applied experimental conditions, ethanol production increased with increasing initial glucose and yeast extract content in the fermentation media. Although asimilable nitrogen is necessary for cells growth, its infuence on the ethanol production by suspended yeast cells is also very significant (2, 11). As it can be seen from the response surface plots presented in Figures 1 and 2 , a higher initial yeast extract content leads to a higher final ethanol concentration in the fermented medium, regardless of the immobilized cells system used.
The response surface plot presented in Figure 3 illustrates the effects of the initial glucose content and sodium alginate concentration on ethanol production at a constant initial yeast extract content (2 g/L). As it can be seen from the results presented on this figure, the increase of the glucose content in the medium results in the maximum ethanol concentration. On the other hand, it is evident that the ethanol production does not depend on the sodium alginate concentration used for yeast cell immobilization for all initial glucose contents. According to the predictions of the model, the ethanol yield is at a maximum (6.5% v/v) at the maximum values of the initial glucose content (175-200 g/L), regardless of the sodium alginate concentration. These results are in agreement with the fact that a combination of a high sugar in the medium and immobilized yeast cells lead to high ethanol production (12, 13) .
Optimization of bioethanol production
The final use of response surface methodology is the process optimization. A form for optimization of the process with two or more outputs is the use of a desirability function . This function has been frequently used during the optimization of multiple response processes in science and engineering (14) .
In this study, the concept of desirability function was used to optimize glucose and yeast extract content in the fermentation medium as well as sodium alginate concentration used for the immobilization of yeast cells. Depending on the selected responses, three sets of optimization were made, and the obtained results are presented in Table 3 . If the only goal of the optimization is to achieve maximum ethanol concentration in fermented media (first set), which is a direct indicator of the success of the alcoholic fermentation, the desirability function has maximum value (1.00) at the initial contents of In the alcoholic fermentation with immobilized Saccharomyces cerevisiae it is very important to minimize "elution" of yeast cells from the alginate beads. Therefore, the second set of optimization was performed to maximize the ethanol concentration and minimize the number of "eluted" yeast cells in the applied experimental conditions. The developed model with the desirability function of 1.00 predicts that the maximum ethanol concentration of 6.98% (v/v) and minimum number of "eluted" yeast cells of 0. The composition of the fermentation medium is of critical importance for the success of the bioprocess. When defining the media composition it must be taken into account that the higher process efficiency can be achieved when the residual nutrients content is minimal. In addition, the unused nutrients represent losses from an economic viewpoint. Also, the processing wastewater with the high level of organic pollution before discharge into the environment increases the cost of the production process (15) . Hence, in the third set of optimization, in addition to achieving the maximum ethanol concentration in the fermented medium and minimum number of "eluted" yeast cells, the minimum residual content of glucose was selected as response. The established model predicts that the maximum ethanol concentration of 6.10% (v/v), minimum number of "eluted" yeast cell of 0.15·10 6 cfu/mL and minimum amount of residual glucose of 7.21 g/L are produced when the optimal values of sodium alginate concentration and initial content of glucose and yeast extract in the medium for bioethanol production with immobilized cells of Sacharomyces cerevisiae are 41.02 g/L, 135.48 g/L and 4 g/L, respectively.
The results obtained in all three sets of optimization represent the basis for further techno-economic analyses of the process to select the optimum fermentation conditions for the ethanol production at an industrial scale. In addition, the results of the first optimization set represent the basis for further research which would include the prolongation of fermentation time over the applied 48 h, aimed at minimization of the unmetabolized glucose content in the fermented medium. On the other hand, in order to justify the use of immobilized yeast cells for ethanol production on media with lower initial sugar content (third set), future research should include application of semi-continuous or continuous fermentation process.
CONCLUSIONS
The response surface methodology based on a Box-Behnken design was successfully employed to optimize the ethanol production by immobilized cells of Saccharomyces cerevisiae in the applied experimental conditions. The obtained second-order polynomial models gave a satisfactory description of the experimental data. The optimized variable
